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+ A b s t r a c t : ,  G R A I N  A L I G t J t r l E N T  LY F E K R U l i l A G N E T I C  I M P U R I T I E S  
John S .  t - l a t h i s ,  Washburn Obs.,  Univ. of Wisconsin-r ladison 
The obse rved  wavel e n g t h  dependence  of 1 i  n e a r  pol a r i z a t i o n ,  
and i t s  v a r i a t i o n  from r e g i o n  t o  r e g i o n  ( N i l k i n g ,  Lebofsky ,  and 
R i e c k e ,  A .  J . ,  8 7 ,  6 9 5 ,  1 9 8 2 ) ,  can be e x p l a i n e d  by t h e  fo l lowing  
a s s u ~ n p t i o n s :  ( 1 )  I n t e r s t e l  1 a r  g r a i n s  r e semble  i n t e r p l a n e t a r y  
y r a i n s ,  i n  t h a t  t h e y  a r e  composed of  c o l l e c t i o n s  of  small  
p a r t i c l e s  c o a g u l a t e d  t o g e t h e r  i n t o  e longat -ed  masses .  ( 2 )  A 
f r a c t i o n  of t h e  small  p a r t i c l e s  a r e  f e r r o m a g n e t i c .  Presumably 
t h e s e  a r e  e i t h e r  meta l1  i c  Fe o r  m a g n e t i t e ,  Fe Q ( 3 )  I f  and 
o n l y  i f  a  l a r g e  g r a i n  c o n t a i n s  one o r  more ma:n$iic p a r t i c l e s  i s  
t h e  g r a i n  a l i g n e d  i n  t h e  y a l a c t i c  c ~ a g n e t i c  f i e l d .  ( 4 )  The 
magnet ic  p a r t i c l e s  s t i c k  only  t o  s i l i c a t e  g r a i n s  because  of  
chemical  s i m i l a r i t i e s ,  o r  ( e q u i v a l e n t l y )  any pure-carbon g r a i n s  
i n  t h e  d i f f u s e  I S l l  a r e  t o o  s p h e r i c a l  t o  produce p o l a r i z a t i o n .  
( 5 )  Gra ins  i n  dense  r e g i o n s ,  such a s  t h e  o u t e r  p a r t s  of molecu la r  
c l o u d s ,  a r e  l a r g e r  t h a n  t h o s e  i n  t h e  d i f f u s e  ISM because  o f  
c o a g u l a t i o n  of  t h e  g r a i n s  r a t h e r  t h a n  a c c r e t i o n  of  i c y  man t l e s .  
These r e g i o n s  a r e  known t o  have l a r g e r  t h a n  normal v a l u e s  of 
~ ( m a x ) ,  t h e  bravelength of  t h e  naximuin of  1 i n e a r  pol a r i  z a t i o n ,  
The above a s sumpt ions  are' s u f f i c i e n t  t o  a l low t h e  
c a l c u l a t i o n  of  t h e  wavel eng th  dependence  of t t ie  pol a r i ,  z a t i  on, 
assuming t h a t  a1 igned  p a r t i c l e s  behave 1 i k e  s p i n n i n g  c y l i n d e r s .  
There  i s  a f r e e  p a r a m e t e r ,  which i s  t h e  s i z e  o f  t h e  g r a i n  which 
has a  p r o b a b i l i t y  of 0.5 of c o n t a i n i n g  one o r  more magne t i c  
p a r t i c l e s .  With t h e  s t a n d a r d  M R N  power-law s i z e  d i s t r i b u t i o n  I 
r e c o v e r  t h e  a v e r a g e  p ( ~ , ~ ( m a x ) )  r e l a t i o n s h i p  ( " S e r k o w s k i h  Law' ')9 
which i s  a  f u n c t i o n  c o n t a i n i n g  two p a r a m e t e r s .  For dense  
r e g i o n s ,  t h e  s i z e  d i s t r i b u t i o n  of  t h e  coayul  a t e d  p a r t i ~ c l e s  
d e t e r m i n e s  t h e  form of p ( x , x ( m a x ) ) .  I  have t r i e d  t w o  d i f f e r e n t  
b u t  p o s s i b l e  forms of t h e  s i z e  d i s t r i b u t i o n ;  both'  of them can 
p r o v i d e  t h e  obse rved  p o l a r i z a t i o n .  The c o r r e c t  s i z e  d i s t r i b u t i o n  
f o r  t h e  c o a g u l a t e d  p a r t i c l e s  depends on such q u a n t i t i e s  a s  t h e  
p r o b a b i l i t y  of s h a t t e r i n g  l a r g e  p a r t i c l e s  by small  o n e s ,  a s  
opposed t o  s t i c k i n g  t h e  two t o g e t h e r .  However, i t  i s  c l e a r  t h a t  
c o a g u l a t i o n  of g r a i n s  can l e a d  t o  a  s i z e  d i s t r i b u t i o n  which g i v e s  
b o t h  t h e  c o r r e c t  wavelength  dependence  of p o l a r i z a t i a n  a n d  I t s  
v a r i a t i o n  from r e g i o n  t o  r e g i o n .  
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